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HYPERSULFATED DISACCHARIDES AND METHODS OF USING THE SAME FOR 

THE TREATMENT OF INFLAMMATIONS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to con4>oun£ls, phannaceudcal conqK>sitions, and methods for treating 
or aUeviatii]^ the symptoms of inflammation such as, for example, asthma. 

Siitnmaty tliP Rpla ted Alt 

Inflammation is a multi-focal host response to cellular or vascular tissue damage. Examples 
of diseases with an associated inflammatoiy reaction run the gamut from leprosy, asthma or 
pneumonia to iheumatoid aithiitis or tuberculosis. (Trowbridge and Emlix^ "Inflammation: A 
Review of the Process .'" Quintessence Pub. Go. 1997). 

Recent non-specific anti-inflammatory therapies have been directed at blocking the 
inf l ammat ory reaction at distinct points within the reaction cascade. Specific points of attack have 
included: a) modulating the con^lement system; b) inhibiting soluble mediator release by mast cells 
or other reactive cells; c) inhibiting the influx: of immunoreactive cells into the inflammatory site; d) 
blockbg the adherence of the reactive cells to vessel walls; and e) preventing the extravasculariztion 
efflux of the immunoreactive cells into the damaged area. (See Trowbridge and Emlit^, stipra; Ryan 
and Majno, Am. J. Pathol M:183-276, 1977); and liles and Van Voohis, J. Infect. Dis. 172:1574- 
1580, 1995). 

Asthma is a chronic disease of the large and small airways of the limg that affects 5% to 10% 
of the human population (Plaut and Zimmerman, "Allergy and Mechanisms of Hypersensitivity^ in 
Fundamental Immunology , 3^^ Ed,, W. E. Paul (ed.). Raven Press, New York, NY 1993, pp. 1399- 
1425). It is the most common chronic disease of childhood and the leading cause of school 
absence. Asthma in adults results in an estimated 27 million patient visits, 6 million bst workdays, 
and 905 million days of restricted activity per year. The morbidity and mortality rates for asthma 
are growing worldwide. For a general review of asthma see Sheffer ^, The National Asthma 
Education Program: Expert panel report guidelines for the diagnosis and management of asthma, 
Med. Gare 31:MS20, 1993. In addition to humans, asthmatic reactions are a growing problem for 
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some animals e.g., the horse racing industry is affected by horses that suffer from asthmatic 
reactions. 

The most prominent characteristic of asthma is bronchospasm, or narrowig of the airways: 
asthmatic patients have prominent contracdon of the smooth muscles of large and small airways, 
increased mucus production, and increased inflammation (Plaut and Zimmerman, s^mi). Hogg 
teaches that the inflammatory response in asthma is typical for tissues covered by a mucosa and is 
characterized by vasodilation, plasma exudation, recruitment of inflammatory cells such as 
neutrophils, monocytes, macrophages, lymphocytes, and eosinophils to the sites of inflammation* 
and the release of inflammatory mediators by resident tissue cells (eg, mast cells) or by migrating 
inflammatory cells (Hogg, "Pathology of Asthma," in Asthma A<i an TnflammatnTvDiseasey OByme 
(ed). Marcel Deiber, Inc., New York, NY 1990, pp. 1-13). 

Hargreave etoL teach that asthma maybe tr^gered by a variety of causes such as allergic 
teacdons, a secondary response to infections, industrial or occupational exposures, ingestion of 
certain rhemirals or drugs, esexcise, and vasculitis (Flugreave et <aZ, J. Allergy Clinical ImmunoL 
83:1013-1026,1986). In many cases, there are two phases to an allergic asthma attack, an early phase 
arid a kte phase ^^diich follows 4-6 hours after bxorichial sti (Harrison's Principles of 

Internal Medicine. l4^ Ed, Fauci at d£ (eds.), McGra^Hill, New York, NY 1998, pp. 1419-1426). 
The early phase, which resolves spontaneously, includes the immpdiatP inflammatory response 
irichidirig the reacdoris caused by the release of cellular rxiediator^ Hie late phase 

reactions develop over a period of horns and are characterized histolc^ically by an early influx of 
polymorphonuclear leukocytes and fibrin deposition followed later by infiltration of eosinophils. 

A number of aDetgic asduna patients are ^'dual responders'*, and develop both an early (£e, 
acute) and a late phase response. In dual responders, the acute response is followed 4- 12 hours later 
by a secondary increase in airway resistance ("kte phase response" or LPK). Late responses and, 
thus, dual responders are of clinical irrqK»rtaru:e, because, in combination with airway inflammation, 
late phase responses lead to prolonged ainvay hyperreactivity (AHR), asthmatic exacerbations, or 
hyperresponsiveness, worsening of symptoms, and generally a more severe form of clinical asthma 
that may last from days to months in some subjects, requiring aggressive therapy. Pharmacological 
studies in allergic animals have demonstrated that not only the bronchoconstrictor response but also 
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the inflammatory cell influx and the mediator release pattern in dual responders is quite different 
irom acute responders. 

An increase in bronchial hyperreactivity (AHR), the hallnmk of a more severe form of 
asthma, can be induced by both antigenic and non-antigenic sthnulL Late phase response allergen- 
induced asthma and persistent hyperresponsrveness have been associated ^with the recruitment of 
leukocytes, and particularly eosinophils, to inflamed lung tissue (AbizbsunetaL, Am. Rev. Respir. 
Dis. 118:1565-157, 1988). Eosinophils release several inflammatory mediators including 15-HElE, 
leukotriene G4, PAP, cationic proteins, eosinophil peroxidase. 

It should be noted, however, that the airways are merely a prototype of organs or tissues 
affected by late phase reactions (LPR's). The kte phase bronchoconstriction and airway 
hyperreactivity (AHR) observed in dual responder asthmatic patients is not an isolated phenomenon 
restricted to asthmatic or even pulmonary conditions. There are cutaneous, nasal, ocular and 
systemic manifestations of LPR's in addition to the pulmonaty ones. According to the latest 
tmderstanding of LPR mechanisms, it appears that the clinical diseases (whedier of the skin, hu^, 
nose, eye, or other organs) recognized to involve alleigic mechanisms have a histologic 
inflammat ojy component which follows the immediate allergic or hypersensitivi^ reaction that 
occurs on antigen challenge. This response sequence appears to be connected to mast cell 
mediators and propagated by other resident cells within target organs or by ceUs recruited into the 
sites of mast cell or basophilic degranulation. 

Conventional anti-asthma treatments have been predkated on the strict avoidance of all 
allergens, which is inherently difficult to achieve, and on therapeutic regimens based on 
pharmacological agents having unfortunate side effects and suboptimal pharmacokinetic properties. 

For examp le, commonly used anti-asthma therapeutics, Pa-adrenergic agonists, are potent 
agents for the treatment of bronchospasm, hut have no effect on airway inflammation or bronchial 
hyperreactivity; Thus, Palmer et oL describe the introduction of sdn&erdy a long-acting pradreneigic 
agonist, as an adjunct to anti-inflammatoty therapy in asthma man^ement (Palmer New Engl. 
J. Med. 331:1314-1319, 1994). However, Bhagat etcd, allege that regular or prolonged use of P2- 
adrenergic agorusts is associated with poor control of asthma, increase in airway 
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hyperresponsiveness to allergen, and reduced protection against bronchoconstiiction induced by 
exercise, histamme, methacholine and alleigens challenge (Bhagat etaL Qiest 108:1235-1238, 1995). 
Moreover, duonic use of Pz-adreneigic agents alone, by causing dowi regulation of P2 -adrenergic 
receptors, is suspected to -worsen bronchial hyperreactivity. 

Another ofterepiescribed and-asthroa agent, theophylline (a methykanthine), is 
characterized by substantial variability in its absorbance and clearance. Woolock etoL describe the 
use of corticosteroids to treat late-phase and airway hyperactivity reactions, reporting that, while 
relatively safe in adult patients with asthma, inhaled corticosteroids have tremendous toxicity in 
children, including adrenal suppression and reduced bone density and growth (Woolock fit 4/ , Am. 
Respir. Qit. Care Med. 153:1481-1488, 1996). Volcheckef<«£ describe the use of cromolyn to 
prevent both the early and late phases of asthma inflammatory reactions. Cromolyn however, has 
been found to be effective in preventmg the onset of an asthma reaction only if given prior to an 
asthma attack (Vblcheck ct^. Postgrad Med. 104(3):127-136, 1998). 

Antihis t amine s occasionally prevent or abort allergic asthmatic episodes, particulariy in 
chiUren, but they can only be pardalty effective in asthma because histamine is only one of many 
mediators (Cuss, "The Pharmacology of Amiasthma Medications,'' in A^thrm an Trifl^mmamry - 
Pisea^e, OByme, eA (Marcel Dekfcer, Inc^ New York 1990, PP. 199-250) and OByme, "Airway 
Infkmr nation and Asthma," in Asthma as an Ttiflgmmatory Disease, OByme (ed.), Iv&rcel Dekker, 
Inc., New York, NY 1990, pp. 143-157). 

Parish, etaL^ discloses in W088/ 05301 naturalty occurring sulfated polysaccharides believed 
to have anti-inflammatory properties. These include hyalijronic acid, chondroirin sulfate, fucoidan 
and carr^eenan lamba as inhibitors or blockers of endogtycosjJase activity (eg, heparinase). Similar 
activity was also demonstrated by heparin or heparin derivatives such as periodate oxidized, reduced 
heparins. 

Bioactive mediator substances such as histamine, heparin, TNF-a, LTB4, proteases and a 
host of cytokines released by reactive cells (eg, mast cells) have been investigated as potentially 
useful anti-inflammatory agents or targets. (Goodman & Gihnan's '' Tlie Pharmacolo^ cal Ba/if^ nf 
Therapeutics", Hwdman, etaL, eds., McGraw-Hfl, 10^ ed. pp. 734 (2001); Buetier & Cerami., Ann. 
Rev. Immunol. 7:625-55; (1989)). 
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An undersong theoiy advocated by some is that by up or down regulating an intennediate 
compound within the cascade, one could conceivable fine-tune^ suppress or even pievent the 
in£lammatx)ry response. Cohen, et^, (WC©2/ 19249; US Pat. No: 5,474,987; US Pat. No: 
5,686,431; LB Pat. No: 5,908,837) showed low molecular weight heparin (molecuW weight between 
3 kDa and 6 tDa) reducing TNF-a secretion. However, Cohen, et did not teach or suggest 
modification of low molecular weight heparin. 

Subsequent work by Cohen, d:aL, (see WO94/11006; US Pat. No: 5,861,382; and US Pat. 
No: 6,020,323) identified specific moieties postulated to have the ability of down regulating TNF-a 
secretion and thus potentially useful as anti-inflammatory con^MDimds for some conditions. The 
core compounds reported by Cohen are 4 variants of an N-suIfated 4-deoxy4-en- 
iduronoglucosamine or N-acetylated 4-deoxy-4-en-iduronoghicosainine. Notably, of seven 
additional sulfation substitution variations examined, 6 were found to be "neutral** in dieir ability to 

suppress the activity of TNF-a while one sulfation substitution variant actually augmented TNF-a 
activity. 

The relattonship between the degree of heparin sulfation and inflammation remains 
unsettled. The prior art as a whole teaches away fix>m the hypersulfadon of the reactive moieties. 
Kennecfy (LB Pat. No. 5,990,097), discloses that a selectively 2-0, 3-O-desulfated heparin was a 
potent inhibitor of airway smooth muscle proliferarion, an event associated with pulmonary 
inflammari on. Additionally, Kilfeather, cf (Brit. J. Pharmacol, 114:1442-1446, 1995) teflrhes that 
where there is no modification to, or elimination of, the sulfate groups present, heparin or low 
molecular weight heparin is able to inhibit the in titjv serum induced proliferation of bovine tracheal 
smooth muscle cells. Kermedy and Kilfeather, etoLyZxe distinguishable from each other not only on 
the issue of sulfation but also by the fact that Kilfeather additionally used low molecular we%ht 
heparin fragments (MW >3 kDa) while Kennedy did not. 

Where the prior art uses intact heparin (e.g.. Kenned)^ or low molecular weight heparin 
(Cohen), Ahmed (LB Pat. No: 5,690,910; and US Pat No: 5,980,865) teaches the use of ultra low 
molecular weight heparin with a molecular weight <3 kDa which is distinguishable from Cohen's > 
3 kDa molecular weight heparin fractions. Additionally, where Cohen teaches parenteral, oral or 
topical routes of administration for the low molecular heparin, Ahmed discloses that the ultra-low 
molecular weight heparins can also be administered by inhalation, intra-ocular, intra-nasal, or intra- 
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bronchial routes. The issue of hypersulfadon is not addressed except by Cohen's investigation at the 
disaccharide level of sulfate substitutions at only three sites of an N-sulfated 4-deoxy4-en- 
iduronoglucosamine or N-acetylated 4-deoxy'4-en-iduronoglucosamine which showed limited 
success by generating only 4 active variants. Hence, there is a trend in the art emphasizing 
destilfation and moving away from hypersulfation. 

Thus, the current drug modalities used for treatment of asthma suffer from a number of 
drawbacks. In general, the conventional agents have a relatively short duration of action and may be 
partially or wholly ineffective when administered after antigen challenge occurs. Moreover, because 
of serious adverse effects associated with the use of agents such as P2 -adrenergic agonists and 
corticosteroids, the therapeutic margin of safety with such agents is relatively narrow and patients 
using them must be carefully monitored (WO 94/06783, WO 99/06025, US 5,690,910, US 
5,980,865). 

Tlierefore,diere remains a need to identify- and develop improved compositions and 
methods for treating or alleviating the syn^toms of inflarximation in inflammatory diseases which 
can include allergic reactions, asthrm and asthma-related pathologies. Such methods and 
compositions should address the shortcomings of traditional therapeutic approaches. 
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SUMMARY OF THE INVENTION 

Hie piesent invenuon provides conipounds, phaimaceudcal composidons and methods for 
treating or alleviating the symptoms of inflammation in a mammaL Mote specifically, the invention 
relates to the treatment of pulmonary inflammations including asthma or an asthma-related 
pathology, such as an allergic reaction or an inflamnmtory disease, that overcome the shortcomings 
of conventional anti-asthma therapies. The con^otinds, pharmaceutical compositions and methods 
of the invention thus prevent, reverse, and/ or alleviate the symptoms of asthma and asthma-related 
pathologies, particularly the late phase response in asthma patients folbwii^ antigen stimulation. 

In an aspect, the invention provides novel disaccharide compounds having the general 
structure I: 




Structure I 

Tvherein Ri, R2, R3, Ri, Rs, and Kfi are eidier SOIj-, POij- orH. In some embodiments of tiie 
invention, (a) Ri, R2, R3, R*, R5, and Es are each independendy either SC^- or PQj- ; or (b) at least 
five of the group consistir^ of Ri, R2, R3, R4, Rs, and Re are each independently either SCh' or POlj-; 
or (c) at least four of the group consistir^ of Ri, Ra, R3, R4, Rs, and Re are each independently either 
SOy or PQj-; or (cQ at least three of the group consisting of Ri, R2, R3, R4, Rs, and Re are each 
independently either SCb' or PQ3'; (e) or at least two of the group consisting of Ri, Ra, R3, R4, R5, 
and Re are each independent]^ eidier SCb" or PQj"- For all the above embodiments (a) - (e), it is 
specifically understood that 0 if R3 and R4 are both SOy then at least one of the group consisting of 
Ri, R2, Rs, and Re are either SQj' or PCb"; or (i^ if R3, R4, R5, are SQ3" then at least one of the group 
consisting of Ri, R2, and Re are either SQ}-, or FOy; or (iii) if Ri and R4 are both SOy and Rj is not 
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SOy, then at least one of the group consisting of R2, R5, and lU are either SCb*, or PCb". 

In certain embodiments of an aspect of the invention, the disaccharides arc included in the 
group consisting of the concqpounds having Structures II - VHI: 



II 



QsSO^ 




llf 




OSQ,* 



IV 




QsSO^ 




VI 



VII 





vin 
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In Other embodiments of an aspect of the invention, the disaccharides arc included in the 
gxoup consisting of the compounds having Structures DC-'XV: 



IX 





XI 




XII 




XIII 



XIV 





XV 



X),SO 




0SO3' 
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In an embodiment of an aspect of the invention, the invention includes compounds 
having Structure XVI: 



R3Q 



•.O2C 




Structure XVI 



wherein Ri, R3, R4, R5, and are each independently eidier SO3- or POy. 

In an embodiment of this aspect of the invention, the disacchaiide has Structurc VIII: 



ReO 



R5O 



R3Q 




OR4 



OH 



Structure Vm 



wherein Ri, R3, lU, R5, and lU are SQj-. 
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la another aspect, the invention features a phaimaceutical composition for treating or 
afleviatiDg the symptoms of puhnonaxy inflammation in a mammal comprising a thexapeutically 
effective amount of the compound of Structure I: 




Structure I 

^wherein Ri, B2, R3, K4, Rs, and R6 are erdier SO^~, POy or H. In some embodiments of the 
invention, (a) Ri, R2, R3, R4, Rs, and Rs are each independendy either SQj- or PQj-; or (b) at least 
five of the group consisting of Ra, R2, R3, R4, Rs, and Re are each independently either SOy or PQ3-; 
or (c) at least four of the group consisting of Ri, R2, R3, Ri, Rs, and Rs are each independently either 
SOy or T?Oy; or (c^ at least three of the group consisting of Ri, R2, R3, R4, Rs, and Rs are each 
independent^ either SQ3" or PCb"; or (e) at least two of the group consisting of Ri, R2, R3, R4, R5, 
and Rs are each independendy either SQ3* or PC^-. For all the above embodiments (a)-(e), it is 
specifically understood that 0 if R3 and R4 are both SOy then at least one of the group consisting of 
Ri, R2, Rs, and Rs are either SO}' or PQ3 ; or ^ if Ri and R4 are both SO3' and R3 is not SQj", then 
at least one of the group consisting of R2, R5, and Rs are either SOy or PQ3-, and Qi^ if only R3, 
R^yRs are SQ3- then said pharmaceutical composidon is enriched for said compoimd. 

In certain embodiments of another aspect of the invention, the disaccharides of the 
pharmaceutical composition are included in the group consisting of the compoimds having 

Structures 11 -VIII: 

II III 
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IV 




V 



Q3Sq 




VI 



VII 




*Q,SO- 




VIII 




In other embodiments of this aspect of the invention, the disaccharides of the 
phanmceutical coinposkion aie iruJuded in the group consisting of tbe compounds having 



Structuxes DC -XV: 



IX 
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In an embodiment of this aspect of the invention, the disacchaiide of the pharmaceutical 
composition includes the compound having Structure XVI: 




Structure XVI 

wherein Ri, R3, lU, R5, and R6 are each independently either SOy or FOy. 

In an embodiment of this aspect of the invention, the disaccharide of the phamaaceudcal 
composition includes the compound of Structure VIE: 

-O2C 
RfiO ^ 

T)rfiereinRi, K3, R4, Rs, and Re arc SCb\ 

In another aspect, the invention features a method for treating or alleviating the symptoms 
of inflammation in a mammal comprising the administration of a pharmaceutical composition 
acconding to this aspect of the invention. In certain embodiments of the invention, the 
pharmaceutical compositions are useful to treat puhnonary inflammations. Methods contemplated 




Structure VlII 
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for pulmonary inflammation indications include the intrabtonchial deliveiy of the compositioxis 
described herein by means ^Orknown in the field such as for exsuoaple a pump, squeeze- actuated 
nebulizer, metered dose inhaler or by means of an aerosol dispenser. 
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BRIEF DESCaaPTION OF THE DRAWINGS 

F^;ure 1 is a grapk conq)aring the percentage change (£d, the SRi) follo^g the indicated 
time after antigen administration (time = 0) of sheep's responses to antigen only (closed circles), 
antigen plus 025 mg/kg intravenous administration of the A2.+G2. disaccharide (closed squares) 
or antigen pbs 025 wg/ig intravenous administration of the 811-25-1 supersulfated disaccharide, 
and a non-limiting compound of the invention (open triangles). Data sho^ is as antigen-induced 
mean +SE % change in SRl in six sheep (n==6) exposed to antigen first with no dmg and then again 
several days later with pretreatment of the A2,+C2. disaccharide or with antigen plus the 811-25-1 
hypersulf ated disaccharide. 

Figure 2 is a bar graph illustrating the beneficial effect of various representative compounds 
according to the invention (B « con^und 730-57, C « compound 730-96, D = compound 811-25) 
as compared to A = AJ2.+C2. sulfated disaccharide on early phase reactions. Compounds A-D 
share the same carbon baddx^ne structure but differ in the number of SOy groups (the extent of 
sulfation between these compoimds is best expressed as A<B <C<D). 

Figure 3 is a bar graph iflustrating the beneficial effect of various representative compounds 
according to the invention (B = confound 730-57, C « compound 730-96, D « compoimd 811-25) 
as corr5)ared to A A^.+C2. siJfated disaccharide on late phase reactions. Compounds A-D share 
the same carbon backbone structure but differ in the number of SOy groups (the extent of sulfation 
between these corzq>ounds is best expressed as A<B <C<D). 

Figure 4 includes a graph and a bar graph illustrating the first of several dose-study 
experiments of various representative compounds according to the invention to establish optimal 
dose raises useful to reduce inflammatory responses in allergic sheep. Fig. 4 A: Data shown is as 
antigen-induced mean ±SE % change in SRl in five sheep (n«5) exposed to ant^en with no drug 
and with the aerosolized 811-25-1 hypersulfated disaccharide (1 mg total dose). Fig. 4B: is a bar 
graph iflustrating the effect of pretreatment on AHR in allergic sheep. Data are shown as mean 
±SE PD400 in breath units at baseline, 24 hours post-antigen challenge in a group of sheep (n=5) 
exposed to antigen first with no drug and then j^ain several days later following pretreatment the 
aerosolized 811-25-1 hypersulfated disaccharide (1 mg total dose). 
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Figure 5 includes a graph and a bar graph illustratii^ die second of several dose-study 
experiments of various lepiesentative compounds according to the invention to establish optimal 
dose ranges useful to reduce inflammatory responses in allergic sheep. Fig. 5 A* Data shown is as 
antigen-induced by a ±S£ % change in SSl in five sheep (n=5) exposed to antigen first "with no 
drug and then again several days later with pretreatment of the Au2.+G2. disaccharide (2.5 total 
dose) or with antigen plus the 811-25-1 hypersulfated disaccharide (2.5 mg total dose). Standard 
deviations are as shown. Fig. 5B: is a bar graph illustrating the effect of pretreatment on AHR in 
allergic sheep. Data are shown as mean ±SE PD400 in breath units at baseline and 24 hotus post- 
ant^n challenge in a group of sheep (n«5) exposed to antigen first widi no drug and then again 
several days later with pretreatment of the AJ2.+C2. disaccharide (2.5 mg total dose) or with ant^en 
plus the 811-25-1 hypersulfated disaccharide (2.5 mg total dose). 

Figure 6 includes a graph and a bar graph illustrating the third of several dose-study 
experiments of various representative compounds according to the invention to establish optimal 
dose rar^es useful to reduce inflammatory responses in allergic sheep. Fig. 6A: Data shown is as 
andgeur induced by a ±SE % charge in SRl in five sheep (n=5) exposed to antigen first with no 
drug and then again several days later with pretreatment of the A2.+G2. disaccharide (5 mg total 
dose) or with antigen plus the 8 1 1-25- 1 hypersulfated disaccharide (5 total dose). Standard 
deviarions are as shown. Fig, 6B: is a bar graph iUustraring the effect of pretreatment on AHR in 
allergic sheep. Data are shown as mean ±SE PD4C10 in breath units at baseline, 24 hoius post- 
antigen challenge in a group of sheep (n«5) exposed to antigen first with no drug and then again 
several days later with pretreatment of the A^.+G2. disaccharide (5 mg total dose) or with antigen 
plus the 811-25-1 hypersulfated disaccharide (5 mg total dose). 

Figure 7 includes a graph and a bar graph illustrating the second of several dose-study 
experiments of various representative compoimds according to the invenrion to establish optimal 
dose ranges useful to reduce inflammatory responses in allergic sheep. Fig. 7A: Data shown is as 
antigenrinduced an ±SE % charge in SRl in five sheep (n=5) exposed to antigen first with no drug 
and then again several days later with pretreatment with the A.2.+C2. disaccharide (10 mg total 
dose) or with antigen plus the 811-25-1 hypersulfated disaccharide (10 mg total dose). Standard 
deviarions are as shown. Fig. 7B: is a bar graph illustrating the effect of pretreatment on AHR in 
allergic sheep. Data are shown as mean ±SE PD400 in breath units at baseline and 24 hours post- 
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ant^en cliallenge in a group of sheep (n==5) exposed to antigen first with no drug and then again 
several days later with pretreatment with the A2.+G2. disaccharide (10 mg total dose) or with 
antigen plus the 811-25-1 hypersulfated disaccharide (10 mg total dose). 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

The pi^ent invention provides novel compounds, phamiaceutical compositions and 
methods for trcatii]^ or alleviating the symptoms of inflammatbn in a mammal More specifically, 
the invention relates to the treatment of pulmonary inflammations, induditig asthma or an asthma- 
related pathology, such as an alleigic reaction or an inflammatory disease, that overcome the 
shortcomings of conventional therapies. The present invention thus provides pharmaceutical 
compositions for treating or alleviatir^ the symptoms of asthma or asthma-related pathologies in 
mammals. The invention also provides methods for usii^ such compounds and compositions for 
the treatment of asthma and asthma-related pathologies. Ihe methods and compositions according 
to the invention are useful as therapeutic tools to prevent, reverse, and/ or reduce the symptoms of 
asthma and asthma-related pathologies, particularly the late phase response in asthma patients 
following antigen challenge. The invention also provides methods and conipositions which may be 
manipulated and fine tuned to fit the condition(s) to be treated while producing fewer side effects. 

Technical and scientific terms used herein have the meaning commonly imderstood by one 
of skill in the art to which the present invention pertains, unless otherwise defined. Reference is 
made herein to various methodologies and materials known to those of skill in the art. Standard 
reference works setting forth the general principles of pharmacology include Goodman and 
Gihnan^s The Pharmacological Basis of Therapeutics . 10^ Ed, McGraw Hll GDmpanies Inc., New 
Yoik (2001). Any suitabkriiateriakand/orriiethods known to those of skin can be utili^ 
carrying out the present invention. However, exarx^lary materials and methods are described. 
Materials, regents and the like to which reference is made in the followir^ description and 
examples are obtainable from commercial sources, tmless otherwise noted. 

The patents and scientific literature referred to herein establish the knowledge of those with 
skill in the art and are hereby incorporated by reference in their entirety to the same extent as if each 
was specifically and individual^ indicated to be incorporated byreference. Any conflict between 
any reference cited herein and the specific teachings of this specification shall be resolved in favor of 
the latter. Likewise, any conflict between an art-understood definition of a word or phrase and a 
definition of the word or phrase as specifically taught in this specification shall be resolved in favor 
of the latter. 
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In an aspect, the invention provides novel disaccharide conipounds having the general 
Stmcture I: 




Structuiel 

wherein Ri, R2, Ra, R4, R5, andK6 are either SQj-, PQj* or H. In some embodiments of the 
invention, (a) Ri, R2, R3, R4, R5, and R6 are each independently either SOy or PQ3* or; (b) at least 
five of the group consisting of Ri, R2, R3, R4, Rs, and R6 are each independendjr either SOy or POy; 
or (c) at least four of the group consisting of Ra, R2, R3, R4, R5, and R6 are each independently either 
SOy or PCb"; or at least three of the group consisting of Ri, R2, R3, R4, Rs, and Rs are each 
independently either SQj' or FOy ; or (e) at least two of the group consisting of Ri, R2, R3, R4, R5, 
and R6 are each independenlfy either SQ3- or PQj". For all the above embodiments (a)-(e), it is 
specifically understood 0 that if R3 and R4 are both SOy then at least one of the group consisting of 
Ri, R2, Rs, and Rs are either SQ)' orPCb'; or if R3, R4, R5, are SOy dien at least one of the group 
consisting of Ri, R2, arulR6are ekfaerSCb% orPCb-; or (m) if RiandlU are bothSQj- andRj is not 
SCb-, then at least one of the group consistii^ of R2, Rs, and Re are either SQ3-, or PO^-. 



In certain embodiments of an aspect of the invention, the disaccharides are included in the 
group consisting of the compounds having Structures 11 - VIII: 



II 



III 




H bH 
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In Other embodiments of this aspect of the inyendon, the disaccharides are inchided in the 
groiq) consisting of the compoxinds having Stmctuies IX -XV: 



IX 




OSQi* 




XI 



XJI 





OSO,' 



OSCb' 



Xlli 



XIV 





XV 
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In an embodiment of this aspect of the invention, the disacchaiide includes the compound 
of Structure XVI 




R5O 



OR4 



OR1 



Structure XVI 



'wherein Ri, R3, R4, R5, and R6 are each independently either SO5- or PQ3-. 

In an embodiment of this aspect of the invention, the disacchaiide includes the compoimd 
of Structure VIH: 



R3Q 



ReO 




OR4 



\?4ierein Ri, R3, R4, R5, and R6 are SOy. 



Structure Vni 



One of skill in the art will appreciate that the compounds of the invention maybe 
complexed with or form a sak with a metal, e.g., an alkali or alkaline earth metal such as Na, K, Qi, 

or Ba, or Al, Zn, Qi, Zr, Ti, Bi, Mn, or Qs, or with an organic base (e.g., an amino acid). The 
currently preferred salts are soditun and potassiiun saks. 
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The methods of the present invention axe intended for use with any mammal which may 
experience tJbe benefits of the naethods of the invention. Thus, in accordance with the invention, 
"mam m als" include hiimans as well as non-human mammals, particularly domesticated animals. 

In another aspect, the invention features a pharmaceutical cotrposition for treating or 
alleviating the synoptoms of pulmonary inflammation in a mammal comprising a therapeutically 
effective amount of the corr{)ound of Structure I: 




Structure I 

wherein Ri, R2, R3, R4, Rs, and R6 are either SQ}-, PQj- orH In some embodiments of the 
invention, (a) Ri, R2, R3, lU, R5, and Re are each independently either SQj' or PCb ; or ^) at least 
five of the group consistir^ of Ri, Rz, R3, R4, Rs, and Re are each independently either SOy or PCb"; 
or (c) at least four of the group consistit^ of Ri, R2, R3, R4, R5, and Re are each independently either 
SQj- or VCh'i or at least three of the group consisting of Ri, R2, R3, R4, R5, and Re are each 
independently either SOy or POy; or (e) at least two of the group consisting of Ri, R2, Rj, R*, R5, 
and Re are each independently eidier SOy or PQj-. For all the above embodiments (a)- (e), it is 
specificalfy understood that © if R3 and R» ate bodi SOy then at least one of the group consisting of 
Ri, R2, R5, and Re are eidier SCb" or POy; or ^ if Ri and R4 are both SOy and R3 is not SO3-, then 
at least one of the group consisting of R2, R5, and Re are either SOy or PQ3-, and (iii) if only R3, R4 
R5, are SOy then said pharmaceudcal composition is emiched for said compound. 

In certain embodiments of this aspect of the invention, the disaccharides of the 
pharmaceutical conq^osition are included in the group consisting of the compounds havit^ 
Structures 11 -VIII: 
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In other embodiments of this aspect of the invention, the disaccharides of the 
phamiaceutical composition arc inchtded in the group consisting of the compounds having 

Stmctuies IX -XV: 



DC 



X 





oso. 



XI 



XII 




*Q)Sq 




OSOb' 



XIII 



XfV 





XV 



'QtSO 



QgSO^ 
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In an embodiment of this aspect of the invention, the disacchaiide of the pharmaceutical 
con^osrtion includes the confound of Structure XVI: 




R5O 



OR4 



H OH 



OR. 



Structure XVI 



wherein Ri, R3, R4, R5, and R6 are each independently either SQ5- or PQj-. 

In an embodiment of this aspect of the invention, the disaccharide of the pharmaceutical 
composition includes the compound of Structure VIII: 



R5.0 



-O2C 



ReO 




RrO 



OR4 



^ OH 



Structure Vin 



wherein Ri, R3, R4, R5, and R6 are SQj\ As discussed above, in reference to the compounds of the 
uivention, one of skill in the ait will appreciate that the compounds of the invention maybe 
coxnplexed with or form a salt with a metal, e.g. an alkali or alkaline earth metal such as Na, K, Qi, 
Mg or Ba, or Al, 2n, Cu, 2r, H, Bi, Mn, or Os, or with an organic base (e.g. an amino acicQ. The 
currendy preferred salts are sodium and potassium salts. 
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Types of inflammation specifically contemplated include lespiiatory diseases such as: allergic 
rliinids, characteiized byseasonal or perennial sneezing, xliinorrhea, nasal congestion, and often 
conjuncttvids and phaiyngids. CXhers include acute rhinitis, characterized by oedema of the nasal 
mucosa, nasal discharge and obstruction. In most cases caused by a common virus. Pulmonary 
diseases, such as intrinsic or extrinsic asthma bxonchiale, any inflammatory hmg disease, acute 
chronic bronchitis, pulmonal inflammatory reactions secondary to chronic bronchitis^ chronic 
obstructhre lur^ disease, pulmonary fibrosis, Goodpasture's syndrome, as ^^11 as any pulmonary 
condition in ^which ^Tfaite blood cells may play a role including but no limited to idiopathic 
pulmonary fibrosis and any other autoimmune lung disease. Also ear, nose and throat disorders 
such as: acute external otitis, furunculosis and otomycosis of the external ear. The present invention 
includes respiratory diseases such as: traumatic and infectious nxytingitis, acute eustachian salpingitis, 
acute serous otitis noedia, and acute and chronic sinusitis. The term "pulmonary inflammat inn" 
encompasses any inflammatory hmg disease, acute chronic bronchitis, pulmonal inflammatory 
reactions secondary to chronic bronchitis, chronic obstmctive hmg disease, pulmonary fibrosis, 
Goodpasture's syndrome, and any pulmonary condition in which white blood cells may play a role 
including but no limited to idiopathic pulmonaty fibrosis and any other autoimmune lung disease. 

As used herein, by "asthma" is meant a condition of allergic origins, the symptoms of which 
include continuous or paroxysmal labored breathing accompanied by wheezing, a sense of 
constriction in the chest, and often attacks of coughing or gasping. By "asthma-related pathology^* 
is meant a condition whose syxoptoms are predominantly inflammatory in nature with associated 
bronchospasm. Hence, both asthma and asthma-related pathologies are characterized by symptoms 
which include a narrowing of airways, varying over short periods of time either spontaneously or as 
a resuk of treatment, due in varybg degrees to contracdon (spasm) of smooth muscle, edema of the 
mucosa, and mucus in the lumen of the bronchi and bronchioles. Generally, these symptoms are 
tri^ered by the local release of spasmogens and vasoactive substances {eg^ histamine or certain 
leiikotrienes or prostaglandins) in the coiuse of an allergic response. Nour limiting representative 
examples of ^asthma-rekted pathologies^ include non-asthmatic conditions characterized by airway 
hyperresponsiveness (eg, chronic bronchitis, enaphysema and cystic fibrosis). 

Moreover, in view of our findings regarding the efficacy of the hypersulfated disaccharides, 
the invention should be useful in the treatment of the following conditions :(1) late phase reactions 
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and infkimmtoxy xesponse in extta-pulmonaiy sites such as (a) alleigic liiimtis; (b) allergic 
dermadds; (c) alleigic conjunctivitis; (2) extra-pulmonaty diseases ^eie infla mmatoiy response 
plays a niajor lole: (0 inflamniatoiy howeL disease; (ii) dieumatoid atthiitis and odier collagen 
vascular diseases; ^ glomerulonephritis; (iv) infla mmatoiy skin diseases; and (v) sarcoidosis. 

As used herein, by "treating or alleviating the symptoms" is meant reducing, preventing, 
and/ or leveisii^ the symptoms of the individual to 'which a compound of the invention has been 
administered, as compared to the syiaptoim of an individual receiving no such adininistnition. 
Hence, a compound of the invention that treats or alleviates the symptoms of asthma or an asthma- 
related pathology reduces, prevents, and/ or reverses the eady phase asthmatic response to antigen 
challenge in a dual lesponder individual, more preferably reduces, prevents, and/ or reverses the late 
phase asthmatic response to antigen challenge in a dual responder individual, and more preferably 
reduces, prevents, and/ or reverses both the early phase and late phase asthmatic responses to 
antigen challenge in a dual responder individual One of ordinary skill "will be able to determine a 
beneficial effect of a compound of the invention on the symptoms of a patient suffering ftom or 
predisposed to develop asthma or an asthma-rekted pathology using the methodologies described 
herein, A practidoner wiU appreciate that the compounds, composidons and methods described 
herein are to be used in concomitance with continuous clinical evaluadons by a skilled pracddoner 
(physician or veterinarian) to inform subsequent step. Hence, following treatment the pracddoners 
will evalxiate any improvement in the treatment of the pulmonary inflammation according to 
standard methodologies. Such evaluation will aid and inform subsequent steps and, if applicable, ^^ 
will inform as to the appropriate increment or reduction of the pharmaceutical composition dose to 
be administered according to the invention. 

The terms "antigen** and "allergen** are used interchangeably to describe those molecules, 
such as dust or poUen, that can induce an allergic reaction and/ or induce an asthmatic symptoms in 
an individual suffering from asthma. Thus an asthmatic individual "challei^ed** with an allergen or 
an antigen is exposed to a sufficient amount of the allergen or ant%en to induce an asthmatic 
response. 

Notably, the conipound and compositions according to the invention have been found to be 
effective in animal studies (a) in preventii^ antigen-induced acute bronchoconstrictor response 
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(ABR) and bronchial hyperactivity, also refened to as airway-hyperrcsponsiveness (AHR) and (b) in 
axneliotating AHK subsequent to and^en challenge in treated mammals. 

The confounds of the invention maybe generated, as described below in Examples I etseq.^ 
from heparin. Although the piocess described below iises porcine heparin, heparin from any 
mammal may be used to generate the conipounds of the invention. While the sulfated disaccharides 
used in the method and compositions of the invention are general^ tef erred to herein as derived 
from natuxally occuning heparin, the invention may also enconopass the use of sulfated 
polysaccharides derived from heparan sulfate, dermatan sulfate, chondroitin sulfate, pentosan 
polysulfate and/ or other glycosaminoglycans and mucopolysaccharides. In addition, the 
compounds of the invention may be generated by synthetic synthesis according to standard organic 
chemistry techniques. 

A pharmaceutical corx^osidon is eruiched for a given corx^und accordii^ to the invention 
if such conopound is present in an amount higher than the amount found in preparations that were 
not so eruiched. Forexan^le, if a preparation is known to include less than 10% of a given 
compound, increasit^ the amount of such conopound in a composition to more than 10% will 
render such composition "ermched" for that conopound. The compouDuds according to the 
invention are optionally formulated in a **pharmaceutically acceptable vehicle^ with any of the well 
known pharmaceudcally acceptable carriers, including diluents and excipients (see Remington's 
Pharmaceutical Sciences, 18^ Ed., Gennaro, Mack Publishing Co., Easton, PA 1990 and Remingrnn- 
The Science and Practice of Pharmacy. Lippincott, "Williams & Wilkins, 1995). While the type of 
pharmaceutically acceptable carrier/ vehicle enq)loyed in generating the conipositions of the 
invention will vary depending upon the mode of administration of the composition to a nnammi^l^ 
genera%''pham]aceuticany acceptable carriers" are physiologically inert and non-toxic. 
Formulations of conq>ositior]s according to the invention may conlain more than one type of 
compound of the invention (eg, a disaccbaride havir^ five SQj- and a disaccharide having six SCb ), 
as well any other pharmacologically active ingredient (eg, heparin). 

The con^unds of the present invention may be provided in a pharmaceutically acceptable 
vehicle using formulation methods known to those of ordinary skill in the art The compositions of 
the invention can be administersd by standard routes, though preferably administration is by 
inhalation routes. The corrpositions of the invention include those suitable for oral, inhalation, 
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rectal, ophthalmic (iacluding inttavitreal or intracameraQ, nasal, topical (including buccal and 
sublingual, vaginal, or paientexal ^eluding subcutaneous, intramuscular, intravenous, intradermal, 
and intratracheal. In addition, polymers maybe added according to standard methodologies in the 
art for sustained release of a given conq>ound. 

For inhalation adxninistration, die compounds of the present invention may be combined in 
a composition \rath a pharmaceutically acceptable carrier, such as saline solution or \9ater, and 
delivered via any inhalation methods known to those skilled in the art. Such inhalation methods and 
devices include, but are not limited to, metered dose inhalers \vith aerosol propellants such as CFC 
or HFA or propellants that are physiologically and envitDnmentally acceptable. Other included 
devices are breath operated inhalers, mulddose diy po^er inhalers and aerosol nebulizers. 

In an embodiment, administration by inhalation of a composition of all of the aspects of the 
present invention is effected by means of a pump or squeeze-actuated nebulizer. In some 
embodiments of the invention, administration is effected by means of a metered dose inhaler 
("MDF) or an aerosol dispenser. 

The formulations of the compositions of the invention may conveniently be presented in 
unit doss^e form and may be prepared by conventional pharmaceutical techniques as discussed 
above. Such techniques include the step of bringing into association die compound of the invention 
and the pharmacetitically acceptable canier(s), such as a diluent or an excipient. In general, the 
fonixulations are prepared by imiformly and intimately bringing into association the active ingredient 
with liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the 
product. 

Formulauons suitable for administration by iohaktion includes formulations that can be 
dispensed by inhalation devices known to those in the arL Such formulations may include earners 
such as powders and aerosols. The inhalant compositions used in the present invention may 
comprise liquid or powdered compositions containing the active ingredient that are suitable for 
nebulization and intrabronchial use, or aerosol compositions administered via an aerosol unit 
dispensing metered doses. 
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Suitabk Kquid compositions of the present invention comprise the active ingredient in an 
"aqueous pharmaceutically acceptable inhalant vehicle", such as for exaniple isotonic saline or 
bacteriostatic water and other types of vehicles that are well known in the arL The solutions are 
administered by means of a "pump" or "squeeze-actuated nebulized spray dispenser^, or by any 
other conventional means for causing or enabling the requisite dosage amount of the liquid 
composition to be inhaled into the padent*s hmgs. 

Suitable powder compositions containing compounds of all of the aspects of the present 
invention include, by way of illustration, pharmaceutically acceptable powdered preparations of the 
active ii^;tedient thoroughly intermixed with lactose or other inert powders acceptable for 
intrabronchial administratiott Hie powder composiuons can be administered via a dispenser, 
incl uding , but not limited to an aerosol dispenser or encased in a breakable capsule which may be 
inserted by the patent into a device that punctures the capsule and blows the powder out in a steady 
stream suitable for inhalation. 

Aerosol f ommlations of corrpositions containing compounds of all of the aspects of the 
present invention for use in the subject method would typically include propellants, surfactants and 
co-solvents and maybe filled into conventional aerosol containers that are closed by a suitable 
metering valve. 

Pharmaceutical conqx>sitions coiiq>rising the compounds of all of the aspects of the present 
invention useful for treating pnlmonaiy infbmmatbn that are suitable for oral administration may 
be presented as discrete units such as capsules, caplets, gelcaps, cachets, piDs, or tablets each 
containii^ a predetermined amount of the active ingredient as a powder or granules; as a solution or 
a suspension in an aqueous liquid or a non-aqueotis liquid; or as an oilrixi- water liquid emulsion or a 
water-iuroil emulsion and as a bolus, etc. Ahemately, administration of a composition of all of the 
aspects of the present invention maybe effected by liquid solutions, suspensions or elixirs, powders, 
lozer^es, micronized particles and osmotic delivery systems. 

A tablet may be made by con^ression or molding, optionally with one or more accessory 
ingredients. Compressed tablets maybe prepared by compressing, in a suitable machine, the active 
ingredient in a free-flowing form such as a powder or granules, optionally mixed widi a binder. 
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lubricant, ineit dihient, prcservathre, surface acdve or dispersing agent. Molded tablets may be made 
by moldii^, in a suitable machine, a mbdxue of the powered compound moistened ^th an ineit 
liquid diluent. The tablets may be optional^ coated or scored and may be formulated so as to 
provide a slow or controlled release of the active ingredient therein. 

Formulations of compositions of the present invention suitable for topical administration in 
the moudi include lozenges (connprising the ingredients in a flavored basis, usiiaUy sucrose and 
acacia or tragacanth); pastilles (comprising the active ingredient in an inert basis such as gelatin and 
glycerin, or sucrose and acacia); and mouth\vashes (comprising the ingredient to be administered in a 
suitable liquid carrier). 

Formulations of compositions of the present invention suitable for topical administration to 
the skin maybe presented as ointments, creams, gels, lotions and pastes comprising the ingredient to 
be administered in a pharmaceutical acceptable carrier. A topical deltvety system contemplated is a 
transdermal patch containing the ingredient to be administered. 

Formulations of compositions of the present invention for rectal administration may be 
prepared as a suppository with a suitable base con:]{>rising, such as, for example, cocoa butter. 

Formulations of compositions of the present invention suitable for nasal administration, 
wherein the earner is a solid, include a coarse powder having a particle size, for example, in the 
range of 20 to 5CX) nucrons which is administered in the nianner in which snuff is administered, £e., 
by rapid inhalation through the nasal passage from a container of the powder held dose up to the 
nose. Suitable formulations, wherein the carrier is a liquid, for administration, for example via a 
nasal spray, aerosol, or as nasal drops, include aqueous or oily solutions of the compound of the 
inventioiL 

Fonnukdom of conpositions according to the aspects of the present invention siiitable for 
vaginal administration maybe presented as pessaries, suppositories, tan^ons, creams, gels, pastes, 
foams or spray formulations containing in addition to the compoimd of the invention such 
pharmaceutically acceptable carriers as are known in the art to be appropriate. 
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Formulations of compositioiis according to the aspects of the present invention suitable for 
parenteral administration inchide aqueous and non-aqueous sterile injection solutions which may 
contain antioxidants, stabilizers, buffers, bacteiiostats and solutes which render the formulation 
isotonic with the blood of the intended recipient; and aqueous and non-aqueous sterile suspensions 
which may inchide suspending agents and thickening agents. The formulations may be presented in 
unit-dose or n]uIti>dose containers, for example, sealed ampules and vials, and maybe stored in a 
freeze-dried (lyophilized) conditions requiring only the addition of the sterile liquid carrier, for 
exa m ple, water for injections, immediately prior to use. Extemporaneous injection solutions and 
suspensions may be prepared from sterile powders, granules and tablets of the kind previously 
described. 

In another aspect, the invention features a method for treating or alleviating the synq>toms 
of i n flam m ation in a mammal comprising a therapeutically effective amount a pharmaceutical 
composition according to the invention. In certain embodiments of the invention, the 
pharmaceutical conipositians are useful to treat pulmonary inflanunations. Methods conten^lated 
for pulmon ar y inflammation indkations include the intrabronchial delivery of the compositions 
described herein by means weD-known in the field such as for example a pim^, squeeze-actuated 
nebulizer, metered dose inhaler or by means of an aerosol dispenser. Gon^sidons in accordance 
with this aspect of the invention are as described for the first two aspects of the inventiotL 

This aspect of the mvention thus features a method for treating or alleviating the symptoms 
of pulmonary inflammation in a mammal, con^risicg administering a therapeudcalt^ effective 
amoimt of a pharmaceutical composition con;)rising the con^und of Structure I: 

Structure I 
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-wfaeiein Ri, R2, R3, R4, Rs, and are either SQ3', PQ)" or H In some embodiments of the 
invention (a) Ri, R2, R3, R4, R5, and R6 are each independendy either SQ3* or PQj-; or (b) at least five 
of the group consisting of Ri, R2, R3, R4, R5, and R6 are each independently either SOy or PQ3 ; or 
(c) at least four of the group consisting of Ri, R2, R3, Rt, Rs, and Rs are each independently either 
SOy or PCb"; or (d) at least three of the group consisting of Ri, R2, R3, R4, Rs, and R6 are each 
independently either SQj^ or PQ3"; or (e) at least two of the group consisting of Ri, R2, R3, R4, R5, 
and 1R$ are each Independendy either SOy or PO^-. For all the above embodiments (a)-(e), it is 
specifically understood that Q if R3 and R4 are both SOy then at least one of the group consisting of 
Ri, R2, Rs, and Rfi is either SQj", orPQs"; or (i^ if Ri and Ri are both SOy and R3 is not SQ3", then at 
least one of the group consisting of R2, Rs, and R6 are either SOy^ or POy; and (iii) if only R3, R4, 
Rs, are SOy then said pharmaceutical con^sition is eiuiched for said compoiind. 
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In ceztain embodiments of this aspect of the invention f eatming a method for treating or 
alleviatii^ the syiqptoms of pulmonary inflammation in a mamrml, including the step of 
administering a therapeutically effective amotmt of a pharmaceutical composition, the disaccharides 
of the pharmacexitical coir^)osition axe included in the group consisting of the compounds having 
Stmctures II - VHI: 
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Inother embodiments of this aspect of the inventbn featuring a method for treating or 
aOefviaiing the syniptoins of puknonaiy infla mmation in a nianimal, rcquiiing the administration of a 
thetapeudcally effective amount of a phamiaceudcal composition, the disacchaiides aie included in 
the gioi^ consistu^ of the compounds havit^ Structurcs IX -XV: 

IX X 
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In an embodiment of this aspect of the invention the disaccharide of the pharmaceutical 
composition includes the compound of Structure XVI; 



ReO 




Structure XVI 

wherein Ri, R3, K4, Rs, and are each independently either SQ3- or TOy, 

In an embodiment, the disaccharide of the pharmaceutical composidon includes the 
coiiq>ound of Structure VIII: 




Stmcture Vin 

wherein Ri, R3, R4, Rs, and R6 are SOy. One of skill will appreciate that the disaccharides of the 
invention n^ay be in a pharmaceutically acceptable form. Thus, one of skill in the art will appreciate 
that the methods of the invention may be completed with or form a salt with a metal, e.g. an alkali 
or alkaline eardi inetal such as Na, K, Ga, Mg or Ba, or Al, Zn, Qi, Zr, Ti, Bi, Mn, o 
organic base (e.g. an amino acic^. The currently preferred salts are sodium and potassimn salts. 
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When applicable (such as for the treatment of asthma, for exanq)le) the compoiind 
according to this aspect of the invention, may be administered prior to, at the same time, or after the 
mammal has been exposed to an ant^en. One of skill in the art will appreciate that the specific 
order of administration of a confound of the invention and exposme to an antigen will vary 
depending on the particular compound selected and antigen. In addidon, the timing of the 
administration of the compound of the invention with reladon to the exposure to an andgen will 
vary from xnaimnal to mammal depending on the particular situation* A sHQed pracddoner will 
optimize administration by careful monitoring the patient while altering the timing and/or the order 
of administration of the conq}oimd of the invention. Clinical changes relevant to assess the 
therapeutic effect of tteatments according to die invendon include reduction in the characterisdc 
symptoms and signs of asthma and related pathologies (eg, dyspnea, wheeTic^, cough, bronchial 
hypersensidvitj^ and improvement of pulmonary funcdon tests. These are based upon padent's 



Ml 









Dosages will depend on the condidon being treated, the particular confound of die 
invendon beii^ administered, and other clinical factors such as age, we^ht and condidon of the 
mammal and the route of administradon. For example, where die compotmd of the invendon 
comprises five or six sulfadon groups, then a lower dosage of compound maybe used to achieve a 
beneficial effect resulting from antigen challenge. Conversely, where the compound of the 
invendon has only three or four sulfadon groups, a higher dosage maybe needed to achieve the 
same beneficial effect (£e, the same level of reducdon of eady phase and/ or late phase response to 
antigen challenge). 

It will be understood that the mammal to which a compoimd of the invendon is 
administered need not suffer from asthma or an asthma-related pathology. Indeed, the compounds 
of the invendon may be administered prophylactidy, prior to any development of symptoms, to 
individuals predisposed to develop asthma and/ or an asthma-related pathology. For exan^le, if an 
individual is aware that the pollen season is a time for worsening asthma symptoms, the individual 
may be administered a compound of the invention (eg, by oral administradon) on a daily basis 
and/ or prior to going to a pollen-rich area (eg, a garden). Likewise, if an individual has never had 
an asthmatic attack, but is aware that many members of his family suffer from such attacks, then the 
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compounds of the invention may be administered prophylactidy to the individual to prevent onset 
of such an asthmatic attack. 

The term "theiapeuticaDy effective amount" is used to denote tt^tments at doss^es 
effective to achieve the therapeutic lesuk sought- Furthermore, one of skill will appreciate that the 
theiapeuticalfy effective amount of the compound of the invention may be loweied or increased by 
fine tuning and/ or by administering more than one compound of the invention, or by administering 
a con5)ound of the invention widi another antt-asthmatic confound (eg., corticosteroicO- llie 
invention therefore provides a method to tailor the administration/treatment to the particular 
exigencies specific to a given mammal. As iDustiated in the following examples, therapeutically 
effective amounts maybe easify determined for example empirically by starting at relatively low- 
amounts and by step-wise increments with concurrent evaluation of beneficial effect (£e, reduction 
in early and/ or late phase response following eaposure to antigen). 

In a further aspect of the invention, effective compoxmd-contaitung compositions are 
administered orally or parenterally (e.g., IV or IMp to mammalian patients suffering from antigen- 
induced late phase asthma, ie., who are dual responders, prior to exposure of the patient to ant%en- 
challenge. 

It will be appreciated by those of skill in the art that the number of administrations of the 
con5)ounds according to the invention wiH vary from patient to patient based on the particular 
medical status of that patient at any given time. ^VJlthout wishing to limit the invention to a 
particular number of administrations per day, generally two to four administtations per day are 
envisioned. 

The following exampks are intended to further illustrate certain embodiments of the 
inventbn and are not limitirig in riature. Those skilled in the art will recognize, or be able to 
ascertain, usir^ no more than routine experimentation, niunenous equivalents to the specific 
substances and procedures described herein. Such equrvalents are considered to be within the scope 
of this invention, and are covered by the followii^ dairris. 
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Example I 
Depolymerizatjon of Heparin Sodium 

To illustrate the preparation of sulfated disaccbarides fractioiis to be used as control satcples 
as ^well as to be used as starting materials for the preparation of representative hypersulfated 
compounds (see Exan^les 11 and m, infra) according to the invention the follo^wing protocols ^re 
tised. Hie follo\ving procedures describes one of the manypossible wxys utilized for the partial 
d^radation of heparin sodium. At room temperature, 250 g of commercially available ^rcine) 
heparin-Na (obtained from SPL, Waimakee, Wt) added to a beaker containing 3 liters of HzO 
and stirred to a slurry, at wfaick point 2 liters of H2O were added and stirring was resumed to 
completely dissolve the heparin sodium. 

Hie pH in the heparin solution was then adjusted to 5.98. To this sohition 17.25 g of 
NaNQz were added (0.25 mmol, J.T. Baker, ACS grade) to accomplish the controlled nitrous acid 
depolymerizarion of the heparin. Stirring was continued for 10 minutes while approximately 35.1 ml 
of 37% HQ were slowly added at a temperature of 23 ^Cto bring the pH to 3.00. Hie released NQ2 
started to bubble and the color of the solution tumed to yellow-green. Changes in pH and 
tenq>eiatuie were recorded from time =0 to 120 minutes and were as follows: 



HME IN MINUrES 


PH 


TinoC 


0 


3.00 


23.0 


15 


2.92 


23.0 


30 


2.55 


23.0 


45 


2.35 


23.0 


60 


227 


223 


75 


2.21 


22.0 


90 


2.19 


213 


105 


2.17 


21.0 


120 


2.16 


20.0 



Ite solution was then quenched by slowly adding approximately 225 ml of 50% NaOH to adjust to 
pH«6,75. 
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Example n 

Ukraf fltiation o f Pppnlymp iized Heparin Preparation 

The follo^vmg ptotocol illustrates one of the possible ways to collect permeate (0 <3000 Da) 
and letentate (>3000 Da) lepresentative disaccharides according to the invention. Ahemattve 
methodologies are well known in the art and may be substituted. Ite depolymerized heparin 
solution obtained as desoibed in Exan5>fe I was diluted to a final volun^ of 8 liteis with dIHbO and 
filtered (MiUiporc (Bedford, MA)), Pellicon 2, 3k, PLBCC having an area of 0.5m2 (Cassette: Cat # 
P2 PLBOC 05). (molecular weight cut off of 3 kDa) to coflect and enrich for heparin 
o%osaccharides of less than 3 kDa (3000 dakons) in size (id, the permeate consisted of those 
oligonucleotides of less than 3000 dakons). 



Time 






Pout 


Sett. 


Flow Rate 


Vol. 


DF 


2:58 p.iii. 


26 


60 


52 


46 


862 ml/inm. 


0 


0 


3:33 p.m. 


32 


60 


52 


46 


960 ml/mm. 


36 L 


4J^5 


4:02 p.m. 


33 


60 


52 


46 


975 ml/min. 


65 L 


8.12 



The letentate (ie, the nitrous acid treated heparin that was larger than 3 kDa) was subjected 
to a second depotymerization treatment of nitrous acid using a 20 M solution to further int'ti'atf* the 
degradation of heparin. After uhrafihiation of this twice- treated oligosaccharide piepaiation using 
the same type of filter ^e., molecular weight cut off of 3 kDa), the resuking penneate (with a 
molecular weight of less than 3 MDa) was added to the permeate from the first ultrafikiation, which 
were concentrated by reverse osmosis to reduce the final volume to 2,5 liters then freeze-dried. 

Example HI 

Reducti on of the Oligosaccharide Preparation with NaBH^ 

The freeze-dried oligosaccharide preparation (50 g) dissolved in IL purified HzO was cooled 
to 2-10**C widi an ice bath. NaHOCb (21 g) was added to the cooled oligosaccharide solution and 
the preparation stirred until con:5)letely dissolved. A 0.5 M solution of NaBHj in 400mL of O.OIM 
NaOH solution was prepared and slowly added to the cooled oligosaccharide/NaHOCb solution 
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over a 60 minute period The treatment of 0.5 M solution of NaBHi was to reduce the oligomix- 
CHO to 01igomix-CH20H. The reaction preparation was stirred at 2-10°C for 3 hours, then 
quenched with concentrated HQ to pH 4.0. Hie pH of the solution was then adjusted to 675 with 
NaOH and finally concentrated to a minimal volume by Reverse Osmosis and later freeze- dried to 
afford the reduced oligosaccharides. Hie reduced oligosaccharide preparation of less than 3 kDa in 
size were later subjected to fracdonizarion by Size Exclusion Chromatograph (SEQ using BichRad 
Biogel P6 resin (elurion with 0.2M NH4HOC>3) for the fractionation of the oligomix and to collect 
tetrasaccharide NHt-salts. The collected fractions were analyzed by a carbazole assay, a plot of 
Abs^jQ vs FToaimNunixr Voided a profile of the collected fractions. Similar fractions on profile 
were pooled and later lyphilized to afford the separated fractions as NH4^ sahs and to remove 
NHjHOQ}. Cation exchange using Amberlite IR120Plus ion exchange resin (Sigma- Aldrich) 
converted the sah to the Na*** form. 

Finally, the freeze-dried fractions were treated with Amberlite IR 120 Plus cation exchange 
resin (corxuxtercially available from Sigma- Aldrich), according to the manufacturer's instructions to 
convert the ammonium (NHi-^) sah to the sodium (Na-*) salt form. 

From a fraction the A.2. +G2. was obtained. 

Analysis of the disaccharide fraction by NMR confirmed that approximately 85% of the 
oligosaccharides in the fraction has the structure: 



OSO3 




Whereas approximately 3-5% of the molecules in the A2.+G2, fraction are compounds 
with the following structure: 
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oso, 




Example IV 

Piepaiation of Repiese ntative Hypersulfated Disaccharides 

To illustrate one of the methods available to prepare repxesentathre generate hypersulf ated 
disaccharides according to the invention, two methods were en^loyed. 

Method! 

A solution of the A2. -f-G2. fraction of disacchaxide sodium salt (2.5 grams) in 50 mL of 
H2O was transformed into the protonated form duough reaction with Dowex 500WX2CX) acidic 
xesin commercial availabfe from Sigma- Aldrichaccordir^t^ The 
acidic filtrate was neutralized widi tetrabutykmmonium hydroxide and the solution was feeeze-driec 
to obtain the tetrabutykmmonium (BU4N+) salt as a flocculent solid. Aohydrous DMF (50 mL) was 
dien added to a mixture of the disaccfaaride Bu4N+ salt and (GFi)3NS03 (5.22 grams) under Argon. 
The reaction mixture was heated at SO^C for 48 hours. The solution was then cooled to room 
temperature. Once cooled, 100 mL of a saturated sohition of sodium acetate (NaOAc) in ethanol 
was added, and the mixture was stirred for 20 minutes a room temperature, diluted with 23 L of 
BiO, and then filtered against a 500 dakon (£e, 0.5 kDa) membrane). The retentate (ie, larger tiian 
05 kDa) was freeze-dried. FoDowirig j&eeze-drying, the retentate was lesupended in 02 M 
NHJICQ} solution, chromatographed on Bio-Rad Biogel P6 resin (Bio-Rad, Hercules, CA), 
according to the manufacturer's instractions and ehited witii 0.2 MNH4HOQ3 to obtain the NH4+ 
salt of the hypersulfated disaccharide (35 grams). A portion of die NH4+ salt (2.4 grams) was 
converted to the Na+ form through reaction widi Amberfite IR 120 Plus cation exchange resin 
(commerciany available fromSigma-Aldrich, according to the manufacturer's instructions to obtain 
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the final Na+ salt as a wliite solid (2 J 1 grams). 

A mixture of 03 grains of disacchaiide Na*** salt (the A2. +C2. faction obtained from 
£xanq>]e IIQ and 3 grams of (CH3)3NSQ3 in 15 mL DMF under Argon ^was heated at 60>C for 48 
hotirs. The xeacdon mixture vns then cooled to room teixq)eratute, diluted ^with 20 mL of a 10% 
aqueous sodium acetate (NaOAc) solution, and stixied 20 minutes at room temperature. 100 mL of 
ethanol was added and the reaction mixture was concentrated under high vacuum to obtain a solid 
residue. The residue was dissolved in 500 mL of HzO) and filtered s^ainst a 500 dakon membrane 
(washing 3 x with 50 mL KbO). The Na+ retentate (te, the molecule greater in size than 500 
daltons) was fteeze-dried to obtain the product as an off-white solid. 

Using the above-methods, hypersulfated disaccharides were obtained. One such fraction, 
termed 811-25-1, was derived which had the following structure as ascertained by NMR analysis 
(fiatanotshaw^i 




Example V 
Piilmoni uy Evaluations of Treated Sheep 

To illustrate the effectiveness of representative disaccharides according to the invention to 
treat/alleviate an inflammation, six sheep with documented only acute bronchoconstrictor response 
to Ascam stam^xadsgen were used as models for all studies. 

To measure pulmonary airflow resistance, the sheep were intubated with a cuffed 
nasotracheal tube and puhnonary airflow resistance (Rl) was measured by the esophageal balloon 
catheter technique, while thoracic gas volume was measured by body plethysmography. These 
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methods are accepted and well known methods found in the literature. Data were expressed as 
specific Rl ("SRl", defined as Rx. times thoracic gas volume (Vt^). 

To assess ainvay responsiveness, cumulative dose-response curves to inhaled cabachol were 
performed by measuring SEl before and after inhalation of buffered saline and after each 
administration of 10 breaths of increasing concentrations of carbachol (0^5, 03, 1.0, 2.0 and 4.0% 
Wvol solution). Airway responsiveness was measured by determining the amaulative provocation 
dose (PD400) of carbachol (m breath units) that increased SRl to 400% above baseline. One breath 
unit was defined as one breath of 1% carbachol solution. 

For airway studies, each animal^s baseline airway responsiveness (PD400) was determined, and 
then on different esfperimental days the test sheep underwent airway challenge wixhAsatns suum 
antigen. SRL was measxned, and immediately after challenge, and then hotuly for 8 hours. The 
post-challenge PD400 was measured 24 hours after antigen challenge. Data were expressed as (a) 
mean.+-SE % cha ng e of SRl; (b) PD400 as % of baseline; and (c) % protection of acute 
bronchoconsttictor response (AB^ and (d) % protection of airway hyperresponsiveness (AE^R). 

SRl (% change) ^n^rt: rha]1/ >nge SR^ ■> baseline SR ^ } x 100 (a) 

baseline SRl 

PD400 (% baseline) === post challenge PDi^ ff x 100 (b) 

baseline SRl 

ABR % protection = control A SRj, % ■ test compound A SRt % x 100 (c) 

Control A SRl % 

AHR % protection = rom ppund VT>ac^ - control antigen PD4QQ x 100 (cQ 

Baseline PD400- control antigen PD400 

Kyample VT 

Intraveno us Admin Ktration of Hypersulfated Disaccharides 

to Dual Responder Allergic Sheep 

To zssess airway responsiveness, cumulative dose-response curves to inhaled carbachol 
(GSH15CIN2Q2) were performed by measuring SRl before and after inhalation of buffered saline and 
after each administration of 10 breaths of increasiag concentrations of carbachol (0.25%, 0.5%, 
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1.0%, 2.0% and 4.0% wt/voL solution). Airway responsiveness was measTired by determining the 
cumulative provocation dose (PD400) of caxbachol (m breath units) that increased SRLto 400% 
above baseline. One breath unit was defined as one breath of 1% carbachol solution. The protocol 
was repeated at least 14 dscys later, but each aniinal was administered by intravenous injection a dose 
of one of the test sulfated disaccharides or hypersulfated disacchandes one hour prior to antigen 
challenge (with no intravenous injection was administered prior to antigen challenge in the control 
animals). 

In a first study, the effect of pre-treatment (ie, an intravenous injection 1 hour before 
antigen challenge) with the A2.+C2. fraction of sulfated disaccharide on ant^en responses in 
asthmatic dual responder sheep was determined. A first group of six sheep was given antigen only 
at time = 0, while a second group of six sheep was given 0.25 n^l^ Au2.+C2- by intravenous 
injection at time 1 1 hour before antigen challenge), and ant^en at time » 0. Sheep that 
were intravenously injected with 0.25 mg/kg of the A.2.+G2. fraction of sulfated disaccharide has a 
slight decrease in response to antigen challenge during the eatty phase of response (less than 3 hours 
post-antigen challenge); however, A.2.+G2. pre-treatment appeared to have no effect on the late 
phase response (3-8 hours post-ant^en challenge) {data nctshoar^. The effect of pre-treatment with 
a hypersulfated disaccharide on sheep's responses to antigen stimulation is, however, diamaricaSy 
improved. The six sheep which received pre-treatment at time = -1 with 0.25 mg/kg of the 
hypersulfated 811-25-1 disaccharide by intravenous injecdon prior to ant^en challenge had much 
lower responses as compared to the six control sheep who received only the antigen challenge at 
time = 0. The drop in andgen-induced response in the hyperstJfated disaccharide-treated flniTx^^lQ as 
compared to controls was apparent in both the eariy and the late phase responses {data natsboftm^. 

Figure 1, on which are represented the results from both the animals pietieated with 
A.2.-fC2. (£e, obtained as described in Example ID) and the 811-25-1 (£e, the hypersulfated 
disaccharide obtained as described in Examples FV), as well as control animals, illustrates the 
surprisingly beneficial effects of pre-treatment with 811-25-1 in alleviating/treating both early and 
late responses to antigen challenge in dual responder sheep. Higher dosages of 811-25-1 were also 
found to have a beneficial effect on both early and late responses to antigen challenge in dual 
responder sheep as compared lx> antigen only control animals. Six sheep received pre-treatment at 
time = -1 with 03 mg/1^ of the hypersulfated 811-25-1 disaccharide by Intravenous injection prior 
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to antigen challenge had much lower responses as compared to the six control sheep who received 
only the antigen challenge at time 0. 

The effects of pre-treatment with either the A2.+G2. disaccharide or the 811-25-1 
hypersuHated disaccharide on early phase and late phase responses of dual responder sheep to 
antigen challenge, as compared to antigen only-treated controls were also studied. In both the early 
phase and the late phase, pretreatment at time = -1 with 0.25 mg/lsg 811-25-1 by intravenous 
injection had a dramatic beneficial effect in reducing response to antigen challenge, as con^aied to 
either animals treated with antigen only (control animals) or animals receiving pretreatment at time 
= -1 with 0.25 mg/kg A2.+C2. by intravenous injection (^Jata notshow^. 

Thus, the results described in this Exarx^Ie illustrate that the drop in anl^en-induced 
response in the animals pre-treated by intravenous administration with the hypersuifated 
disaccharide of die invention as compared to controls was apparent in both die eart^ and die kte 
phase responses. 

Example Vn 

Tnhalarinn Af<trwnt<gtT arion of Sulfated Disacchandes to Dual Responder Allergic Sheep 

The procedures set forth in the previous examples were followed to test the effectiveness 
representative con^unds and methods according to the invention in the case of oral 
administration. With the exception that for airway studies, when the protocol was repeated at least 
14 dsijs later after the baseline airway responsiveness (PD400) was determined, each animal was 
administered by inhalation a dose of one of the test sulfated disaccharides or hypersuHated 
disaccharides about thirty minutes (ie, rime = -03) prior to before challenge wixhAsoms Suum 
antigen at time «0, or Iminediately after post-challenge SBl measures 

In a first set of studies, the effects of hypersuUated disaccharides suspended in water and 
delivered by inhalation were analyzed. Figures 4-7 show the results of several dose analysis studies 
where respectively 1, 25, 5.0, and 10.0 total dose of the hypersulfated disaccharide, 811-25-1, 
solubilized in HzO, was administered by inhalation at time ^ -03 prior to antigen challenge at time 
= 0. As can be seen in F^^re 5-7, all of animals that received pre-treatment with 2.5-10 mg (total 
dose) of 811-25-1 had reduced early phase and kte phase responses to antigen challenge as 
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compared to control am'mak which received the antigen challenge only. 

The effects of the varioxis dosages of 811-25-1 suspended in water and delivered by 
inhalation on AHR are further ilhistrated on Figures 4A-7A. 

Taken together, these data indicate that a practidoner will treat each patient choosing the 
dos£^e range of hjpersulfated disaccharides of the invention depending on whether a more 
pronounced reducdon of the eady phase or of the late phase response is desired. 

In a second set of studies, the hypersulfated disaccharide was solubilized in phosphate 
buffered saline (PBS) and administered by inhaladon prior to antigen challenge. Pre-treatment by 
inhalation administration of dual responder sheep with 0.25 tn%/kg 81 1-25-1 stispended in PBS 
resulted in a reduction in both the early and late phase responses to antigen as corr^ared to control 
animalQ which received antigen only {data notshaizr^. 

Example VIII 

Oral Af^rnmi'jstration of Stilfated Disaccharides to Dual Responder Allergic Sheep 

The procedure of Exan^le m, in terms of the test animals and evaluation methods, were 
followed in this example, with the exception that for airway studies, when the protocol was repeated 
at least 14 days later after the baseline airway responsiveness (PD400) was determined, each animal 
was oxal^ administered 0.5 mg/tg of the hypersulfated disaccharide, 811-25-1, about ninety minutes 
(£e, time «= -1.5) prior to challenge -mxkAscaris Suumaatigisn at time = 0 (with no disaccharide 
orally administered prior to antigen challenge in the control animals). 

The percentage change in SKL for both the early and late phase responses of the animals 
pre-neated by oral administradon with 0.5 mg/tg of 811-25-1 as compared to control animals. Oral 
administration of 03 mg/1^ of 811-25-1 ninety minutes prior to antigen challenge led to a reduction 
in both the early phase and late phase responses of the dual responder sheep to antigen challenge (as 
compared to the control antigen-only animals) (tia£« notshow^. 
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Example DC 

Effect of Hvpersiilfatsed Disaccaharides on Early Phase Asthma in Sheep 

Disaccharides sharing the same carbon backbone structure (compotinds A to D) but 
differing in the number of SQ}~ groups (the extent of sulfation between these compounds is best 
expressed as A <S <C<D) were tested in alleigic sheep accozding to the protXHioh set forth in the 
above examples describing administration by intravenous administration. This experiment ^was 
designed to iUustcate the efficacy of the hypersulfated disaccharides of the invention to inhibit 
inflammation (moie specifically the early phase of asthma). Figure 2 is a bar graph illustrating the 
beneficial effect of hypersulfadon of the disaccharides on the treatment of eatly phase reaction as 
compared to lowsulfatbn of disaccharides sharing the same carhon structure (B » conxpound 730- 
57, C = compound 730-96, D = compound 811-25) as con^ared to A = A.2.+G2.. 

Example X 

Effect of Hypersulfate d Dkarr aharides on Late Phase Asthina in Sheep 

Disaccharides sharing the same carbon backix>ne structure (compounds A to D) but 
differing in the number of SO3' groups (the extent of sulfation bet\iveen these corr^unds is best 
expressed as A<B <C<D) were tested in allergic sheep according to the protocols set forth in the 
above exarrples describing administratk>n by intravenous administratiorL This experiment was 
designed to illustrate the efficacjr of the hypersulfated disaccharides of the invendon to inhibit 
iriflaiiirnation (ruore specifically the late phase of asthrm^ Figure 3 is a bar graph illustrattt^ the 
beneficial effect of hypersuHation of the disaccharides on the treatment of late phase reaction as 
compared to low sulfation of disaccharides sharing the sanoe carbon structure (B = compound 730- 
57, C = compound 730-96, D = corrpound 811-25) as compared to A = A2.+G2.. 

Equivalents 

While the claimed invention has been described in detail and with reference to specific 
embodiments thereof, it will be apparent to one of ordinary skill in the art that various changes and 
modifications can be made to the claimed invention without depardng from the spirit and scope 
thereof. Thus, for example those skilled in the art will recognize, or be able to asceitaia, using no 
more than routine experimentation, numerous equivalents to the specific substances and procedures 
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described herein. Such equivaleiits are considered to be widiin die scope of dbis invention, and are 
covered by the following claims. 
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Whzt is claimed is: 

1. A conq}ound of Stnictiuie I, comprisii^: 




Structure I 



^irfaerein Rj, Rj, E3, R^, R5, and arc either SO3", PO3 or H; and 

(a) wbeiem Rj, Rj, R3, R4, Rs* and R^ aie each independently either SO," or P03"; 
0>) wherein at least five cf the group consisting of Rj, Rj, R3, R^, R5, andR^ are 
each independendy either SO3' orPOj"; or 

(c) wherein at least four of the group consisting of Rj, R^, R3, R,, R5, and R^ are 
each independent^ eidier SO{ or PO3'; or 

(d) wherein at least three of the group consisting of Ri, R2, R^, Rj, R5, and R^ are 
each independently eidier SO^' or PO3"; or 

(e) wherein at least two of the group consistii^ of R^ , R^, R3 , R4, R5, and R^ are 
each independently either SOj" or PO3*; and 

provided that, if 

(1) R3 and R4 are both SO3' then at least one of the group consisting of R^, Rg, 

R5, and R^ are either SO^' or PO3'; or 
(ii) R3, R4, R5 are SO3" then at least one of the group consisting of Rj, R2, and R^ 

are either SQ*, or PO3'; or 
(iS) Rj and R4 are both 803' and R3 is not SO3", then at least one of the gioup 

consisting of Rg, R5, and R^ are either SQj", or PO3". 
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2. Hie compound acconling to claim 1, selected from the group consisting of the 
compounds having Structunes II -VID: 



n 




m 




IV 





VI 




vn 





3. The compoimd accoiding to claim 1, selected from the group consistiz:^ of the 
compounds having Structures DC -XV: 



DC 





XI 




XU 



Cbsq 




oso," 
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xin 



XIV 




osp|- 



QaSQ 




XV 




A coxcpoundi of Structure XVI, comprising: 




Structure XVI 



herein R^, R3, R4, R5, and are each independently either SO,' or PO3* 



5. A coix^und of Structure VHI, comprising: 



ReO 




OH 



w herein R^, Rj, R^, and ore SQ\ 



Stmcture VIII 
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6. 





R3Q 



-O2C 



ReO 



H 



R5O 



Structure I 



wherein R^, ^9 ^> are either SO3', PO3" or H; and 

(a) wherein R,, Rg, R3, R^, R5, and R^ arc each independently either SO,* or PO3"; 

(b) wherein at least five of the group consisting of R^, R^, R3, R|, R5, and R^ are 
each independently either SO3* or POa'; or 

(c) wherein at least four of the group consisting of R^, R^, Rg, R4, R5, and R^ are 
each independendyeidier SO3* or POj'; or 

(d) wherein at least three of the group consisting of R^, R^, R3, R4, R5, and R^ are 
each independently either SO^' or P03'; or 

(e) wherein at least two of the group consisting of R^, R2, R3, R4, R5, and R^ are 
each independently either SO3' or PO3'; 

and provided that, if 



and furdier provided that, if only R3, R4, R5 are SO3' then said pharmaceutical con[5)osition is 



R3 and R4 are both SO3' then at least one of the group consisting of R^, Rjj, 
R5, and R^ are either SO3" or PO3*; or 

Rj and R4 are both SO3' and R3 is not SOj", then at least one of the group 
consisting of Rj, R5, and R^ are either 803" or P03"; 



enriched for said compound. 



» 
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7. The phaimaceutical coixq)osidon according to claim 6, coioprising at least one of the 
con^mds selected from the group consisting of the compounds having Stmctures 

n-vni: 
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8. The pharmaceutical composition according to claim 6, comprising at least one of the 
compounds sdected from the group consisting of the compounds having Structmes 
K-XV: 
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A pharmaceutical conqx>sition for treating or alleviating the symptoms of 
inflammatoiyieactions in a mammalian patient comprising a therapeutically effective 
amount of the compound of Structure XVI: 




OR. 



Structure XVI 



wherein Rj, Rj, R^, Eg, and are each independently either SO^" or POj". 



10. 



A pharmaceutical con^>osition for treating or alkviadng the symptoms of 
inflammatoxy reactions in a mammaKan patient comprising a therapeutically effective 
amount of the compound of Structure VIQ: 



OR4 



Structure Vni 




ORi 



wherein Rj, R^, R5, and R^ are SO3'. 
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11. Hie pharmaceutical composidon according to daim 6, ^whexein the inflaniatory 
reaction is a puhnonaiy inflammation selected from the group consisting of: 
infkmmatoxy lung disease, acute chronic bronchitis, and chronic obstructive lung 
disease. 

12. The pharmaceutical composition according to claim 1 1, wherein the pulmonary 
inflammation is asthma or an asthma-related pathology. 

13. The pharmaceutical composition according to claim 6, comprising from about 0.005 
mg to about 1.0 mg per kilogram of patient bodyweight of said compound having 
Structure I in each dose. 

14. Ihe pharmaceutical composition according to claim 6, con^rising from about 0.075 
mg to about 0.75 mg per kilogram of patient body we%ht of said compound havir^ 
Structure I in each dose. 

15. The pharmaceutical composition according to claim 6, wherein said compoimd 
having Structure I is in an aqueous pham]aceutica% acceptable inhalant vehicle. 

16. The pharmaceutical coinposirion of daim 13. ytick is suitable for adininistration by 
means of a pimip or a squeeze-actuated nebulizer. 

17. The pharmaceutical composition of claim 13, further comprising an aerosol 
propeQant and suitable for administration via a metered dose inhaler. 

18. The pharmaceutical composition according to claim 6, comprising a pharmaceutically 
acceptable powder preparation of said compound having Structure I suitable for 
intrabronchial administration. 

19. The pharmaceutical composition of claim 18, which is suitable for administration by 
means of an aerosol dispenser. 

20. The pharmaceutical composition according to claim 6, comprising a pharmaceutically 
acceptable aqueous preparation of said compound having Structure I suitable for 
intravenous administration. 

21. The pharmaceutical composition according to claim 6, comprisiug a pharmaceutically 
acceptable aqueous preparation of said compoimd having Structure I stiitable for 
intramuscular administration. 



1 



» 
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A method for treating or alleviatir^ the symptoms of inflammatory reactions in a 
mammalian patient, said method comprising the administration to the patient of a 
pharmaceutical composition comprising a therapeutically effective amount of the 
compound of Structure I in a phannaceuticall^ acceptable vehicle: 




wherein R^, Eg, K^, R^, R5, andR^ are either SQ ^PO/ or H and 

(f) wherein R^, R^y ^3* ^4* K5, and are each independendy either SO^ or PO,'; 

(g) wherein at least five of the group consisting of Rj, Rg, Ri^, R4, R5, and R^ ate 
each independently either SO3" or PO3'; or 

(h) wherein at least four of the group consistiE^ of R^, K^, R3, R^, R^, and R^ are 
each independentfy either SO3" or PO3*; or 

(1) wherein at kast three of the group consisting of R^, Rg, R3, R^, R5, and R^ are 

each independenify either SO,' or PO3*; or 
0 \Aerein at least two of the group consisting of R^, R^, R3, R^, R5, and R^ are 

each independendy either 803" or PO^"; 

and provided that, if 

(iii) R3 and R^ are both SO3' then at least one of the group consisting of R^, R^, 

R5, andRg are eidier SOj' orP03'; or 
^v) R, and R4 are both SO3* and R3 is not SO/, then at least one of the group 

consisting of Rj, R5, and R^ are either SO3 or PO3"; 

and further provided that, if only R3, R,, R^ are SO; riien said pharmaceutical composition is 
ennched for said compound. 
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23. The method zccotdmg to claim 22, wherein the pharmaceutical coniposition 

comprises at least one of the compoxinds selected from the group consisting of the 
compounds having Structures II - VIII: 
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24. Tlie method according to claim 22, wherein die pharmaceutical composition 

comprises at least one of the compounds selected from the group consisting of the 
confounds having Structures IX - XV: 




4 
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25. Hie method according to claim 22, whenein the phanmceutical composition 

comprises at least one of the compounds selected from the group consisting of the 
compounds having Structures XVI: 




Structure XVI 

wherein Rj, Rj, R4, R5, and are each independently either SO3* or POj". 

26. A method for treating or alleviating the symptoms of inflammatory reactions in a 
mammalian patient, said method con:q>rising the administration to the patient of a 
phamoaceutical con^osirion compiising a therapeutically effective amount of the 
compound of Structure VIQ: 




Stmcture Vin 



wherein Ri, R3, R,, R5, and R^ are SO3'. 
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27. Hie method according to claim 22, herein the inflammatory leaction is piilmonaiy 
inflammation selected from the gtotip consistii^ of: inflammatory lung d^ease, acute 
dhionic bronchitis, and chronic obstructive Kmg disease. 

28 . The mBthod according to claims 27, wherein the pulmonary inflammation is asthma or an 
asthmarrelated padiology. 

29. The method according to claim 22, comprising horn about 0.005 to about 1.0 mg 
per kilogram of patient body weight of said cor^pound having Structure I in each 
dose. 

30. The method according to claim 22, comprising from about 0.075 mg to about 0.75 
mg per kilogram of patient body weight of said compound having Stmcture I in 
each dose. 

31. The method according to claim 22, wherein said compound having Structure I is in 
an aqueous phannaceudcaUy acceptable inhalant vehicle. 

32. The method according to claim 22, wherein said administration is by means of a 
pvanp or a squeeze-actuated nebulizer. 

33. Tbe method accordirg to claim 22, 'Vfdberein said administration is via a metered dose 
inhaler. 

34. The method according to claim 22, wherein said administration is for intrabrt>nchial 
administration. 

35. The method according to claim 22, wherein said administratton is by means of an 
aerosol dispenser. 

36. Tbe method according to claim 22, wherein said administration is intravenous 
adrnmistratton. 

37. Tlie method according to claim 22, wherein said administration is intramuscular 
administration 
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